The first experiments in which protohaem was removed from haemoglobin and the native globin used to prepare haemoglobins containing protohaem, mesohaem and deuterohaem were reported by Hill & Holden (1926) . The only reports of work on the oxygen equilibria of reconstituted protohaemoglobin which we have been able to trace appear to be those of Hill, quoted by Lemberg & Legg (1949) , and of Davies, quoted by Wyman (1948) . Hill found that the oxygen-dissociation curve was hyperbolic, a finding confirmned by Davies, who also found that the oxygen pressure for half-saturation was decreased to about onequarter of that required for natural haemoglobin, and that the Bohr effect was absent.
More recently Rossi-Fanelli, Antonini & Caputo (1958) have prepared globin from human haemoglobin which could be coupled with protohaematin to give a product having the same absorption spectrum, sedimentation constant and electrophoretic behaviour as natural human methaemoglobin. After reduction by means of an enzyme system the oxygen-dissociation curve was the same as that for natural haemoglobin; the oxygen concentration for half-saturation, the degree of inflexion of the curve and the Bohr effect all agreed closely (Rossi-Fanelli & Antonini, 1959a) .
Although the evidence presented by RossiFanelli & Antonini (1959a) suggests strongly that haem-haem interaction had survived unchanged in the reconstituted protein, the form of the dissociation curve over the middle range of saturations is not, by itself, fully conclusive. Thus Roughton (1949) has pointed out that on the Adair (1925) hypothesis many sets of equilibrium constants describing the consecutive reactions of oxygen molecules with reduced haemoglobin can be found which yield dissociation curves scarcely differing from each other or from a given model over the range 10-90% saturation. Values of the individual equilibrium constants can, so far, only be obtained by exacting gasometric procedures which require prolonged training and experience of the operator (see, for example, Roughton, Otis & Lyster, 1955) . Procedures have, however, been devised which will allow the determination of several kinetic constants corresponding to individual partial reactions of haemoglobin with gases. Such determinations offer not only information about haem-haem interaction similar to that embodied in the values of the individual equilibrium constants, but in addition give a further insight into the mechanism of the reactions.
In this paper it is shown that reconstituted human protohaemoglobin prepared by the methods of Rossi-Fanelli et al. (1958) gives the same values for the individual kinetic constants as the natural protein in every case which we have been able to examine. Comparative measurements have also been made on haemoglobins in which-mesohaem and deuterohaem have replaced protohaem, thus extending the work already initiated by RossiFanelli & Antonini (1959b) , and Rossi-Fanelli, Antonini & Caputo (1959) meter, with the wavelengths and extinction coefficients of Rossi-Fanelli et al. (1959) . Kinedic experiments. These were carried out with the stopped-flow apparatus of Gibson (1954) , to give the values of k43 by the method of , and of 10 by the method of Gibson & Roughton (1957a) . Values of k.4 and 134 were obtained by the method of flash photolysis with the apparatus of Gibson (1959) . The procedure for determining £34 was that described by Gibson (1956) ; for k34 the method was modified by increasing the flash energy to correspond to the lower photosensitivity of oxyhaemoglobin (Gibson & Ainsworth, 1957) , and omitting the step of converting into carboxyhaemoglobin; otherwise the determinations were carried out as for 134. The value of £43 was obtained by replacement of CO by NO with the spectrophotometric method of Gibson & Roughton (1957b) .
Partition of haemoglobin between oxygen and carbon monoxide
When haemoglobin is equilibrated with a mixture of 02
and CO such that a negligible proportion of gas-binding groups remains free, the partition coefficient Values for the rate of combination of the first molecule of carbon monoxide are given in Table 2 . They were obtained by the extrapolation procedure described by Gibson & Roughton (1957 a) . There is no significant difference betWeen natural and reconstituted protohaemoglobins, but both mesohaemoglobin and deuterohaemoglobin show a substantially higher rate of reaction. Comparison of the form of the progress curve of the reaction of carbon monoxide with the three haemoglobins showed striking differences: protohaemoglobin showed a gentle increase in rate as the reaction progressed, which was closely similar to that observed by Gibson & Roughton (1957a) with sheep haemoglobin. With deuterohaemoglobin an increase was again observed, which was, however, appreciably sharper than that seen.with protohaemoglobin. With mesohaemoglobin little or no increase in rate occurred during the reaction. Gibson & Roughton (1957a) have dealt with the problem of evaluating all four combination velocity constants from data of this type. Their full procedure requires extensive experimental information and expert statistical analysis which were not available to us. We have, however, made a rough estimate of the relative sizes of the four constants, by somewhat simpler methods. Thus Table 2 shows that the ratio 134/101 is in every case much greater than the statistical value of 0-25. Gibson & Roughton (1957a) the discrepancy are not clear, but no doubt arise from the three main differences in the experimental procedure: (i) Davies used horse haemoglobin whereas the present work has been carried out with human haemoglobin; (ii) the procedure of RossiFanelli et al. (1958) for preparing the apo-protein is carried out under mild conditions; (iii) methaemoglobin has been reduced enzymically instead of with dithionite. It should also be pointed out that the preparation of human haemoglobin used by Rossi-Fanelli et al. (1958) has been very fully studied not only in regard to its reversible reactions with ligands, but also in its ultracentrifugal and electrophoretic behaviour, and in its resistance to heat and alkaline denaturation. The close agreement found in every property studied justifies, in our opinion, the belief that the natural and reconstituted haemoglobins are, in fact, identical. The finding (Table 3 ) that the first three molecules of carbon monoxide to combine with protohaemoglobin do so at rates in the ratios 4: 3: 2 is unexpected, since the indications from equilibrium work suggested that a sequence such as 4:10:2 was more likely. The determinations of Lyster (1957) showed that with horse and with human haemoglobins K2 was considerably greater than K1, whereas Roughton et al. (1955) found with sheep haemoglobin that K1, K2 and Ks were all of the same order. There is no information available about the values of L1 and L2, however, for any species of haemoglobin, and very little weight can be attached to speculations grounded on comparisons of kinetic work with carbon monoxide and equilibrium work with oxygen.
Mesohaemoglobin and deuterohaemoglobin
The kinetic results summarized in Tables 1-3 show that the combination of the first molecule of carbon monoxide with fully reduced mesohaemoglobin and deuterohaemoglobin takes place two or three times as fast as with protohaemoglobin. This result is similar to the findings of Smith & Gibson (1959) In the properties discussed so far, mesohaemoglobin and deuterohaemoglobin have shown similar behaviour. The analysis of the course of the reaction with carbon monoxide (Table 3) , however, indicates considerable differences between them. Thus deuterohaemoglobin shows a pattern of kinetic constants similar to that for protohaemoglobin, where the marked increase in rate of combination is restricted tothereaction Hb4(CO), + CO,Hb4(CO)4.
Mesohaemoglobin, on the other hand, behaves more as if the haem-haem interaction took place between pairs of haems, the second and fourth velocity constants both being relatively large. This finding depends on the analysis of the time course of the combination reaction; although the differences between mesohaemoglobin and deuterohaemoglobin are well outside the limits of experimental error, their sense is such that it would be possible for heterogeneity in the kinetic properties of the mesohaemoglobin preparation to produce the observed result. There is, however, no reason to suppose that the mesohaemoglobin preparation was heterogeneous. The dissociation velocity constant for carbon monoxide, 1t3, does not show outstandingly great differences between the three haemoglobins. The corresponding oxygen constant, k43, however, shows a large difference between mesohaemoglobin and deuterohaemoglobin, which differ by seven to eight times in their rate of reaction. This is much the largest difference found and is chiefly responsible for the differences in K4 and M which distinguish these haemoproteins. There is a lack of correlation between k43 and 14, another example of the breakdown of Haldane's second principle [see Wyman's (1948) discussion]. Rossi-Fanelli & Antonini (1959b) and RossiFanelli et al. (1959) have examined the oxygendissociation curves of mesohaemoglobin and deuterohaemoglobin, which showed an increased affinity for oxygen together with a decreased inflexion, n in Hill's (1910) equation being 1-7 as against 2-7 for protohaemoglobin. Unfortunately our data are not sufficient to allow us to discuss the kinetic origins of these equilibrium effects fully. The differences in affinity between mesohaemoglobin and deuterohaemoglobin are, however, in the direction to be expected from the values of k4, and k34. Preliminary experiments on the overall oxygen-combination reaction suggest that mesohaemoglobin may be particularly suitable for more detailed study, especially if its reactions can be accounted for in terms of interaction between pairs of haems, rather than between groups of four haems.
The roles of the haem and of the protein in producing the differences between protohaemoglobin, mesohaemoglobin and deuterohaemoglobin cannot, at present, be precisely defined. Determinations have shown that the ultracentrifugal molecular weight is the same in all three cases, so that the lower degree of haem-haem interaction shown by mesohaemoglobin and deuterohaemoglobin cannot be attributed to splitting to half-molecules. The results reported here suggest that experiments with more widely different haems may help in understanding the mechanism of haemoglobin function. SUMMARY 1. The rates of combination of natural and reconstituted protohaemoglobin with carbon monoxide have been compared both for the first and fourth molecules of carbon monoxide to combine. The natural and reconstituted proteins give rates agreeing with one another.
2. The rates of dissociation of the first molecule of oxygen and of carbon monoxide from fully saturated natural and reconstituted protohaemoglobin have been similarly compared and found to agree.
3. The corresponding reactions of mesohaemoglobin and deuterohaemoglobin have been examined. The rate of combination of the first molecule of carbon monoxide is greater than for protohaemoglobin. The rate of dissociation of the first molecule of oxygen from saturated haemoglobin is slow for mesohaemoglobin (k43 8 sec.-') and rapid for deuterohaemoglobin (k43 60 sec.-').
It has long heen known that aqueous extracts of spleen exhibit proteinase activity (Hedin, 1903) . The intracellular enzymes responsible for this activity and a similar activity found in other tissues have been named cathepsins (Willstatter & Bamann, 1929) . The cathepsins of ox spleen have been studied in some detail and classified according to their specificity toward synthetic substrates (Tailan, Jones & Fruton, 1952) .
In order to study the catabolism of a protein
